Background: Chitotriosidase and YKL-40 are well-known in humans as Glyco_18 domain-containing proteins that are the common feature of mammalian chitinases and chitinaselike proteins. Previously, increased levels of YKL-40 were found correlated with the disease activity of rheumatoid arthritis. However, serum chitotriosidase activity in rheumatoid arthritis is not known yet. The aim of this study was to determine YKL-40 and chitotriosidase in patients with rheumatoid arthritis and to compare these markers with traditional ones such as C-reactive protein and erythrocyte sedimentation rate. Methods: Chitotriosidase, YKL-40 and C-reactive protein were measured in serum samples from 27 patients with rheumatoid arthritis and 27 healthy people. Chitotriosidase, YKL-40, C-reactive protein, and erythrocyte sedimentation rate were determined by a fluorometer, ELISA, nephelometer, and Western Green method, respectively. Results: Serum chitotriosidase activities and YKL-40 levels were higher in rheumatoid arthritis group than in control. A significant positive correlation was found between chitotriosidase and YKL-40. In ROC analysis, the areas under curves for chitotriosidase, C-reactive protein, erythrocyte sedimen-
Introduction
Chitotriosidase (CHIT) and YKL-40 are wellknown in humans as Glyco_18 domain-containing proteins that are the common feature of mammalian chitinases and chitinase-like proteins (1) . CHIT is mainly produced by active macrophages and partly poly morphonuclear neutrophils (PMNs), and is a major marker for Gaucher disease (2) . Other than Gaucher disease, CHIT activity is also related to inherited lysosomal storage disorders (3) including Nieman-Pick disease and Fabry, and noninherited disorders such as nonalcoholic steatohepatitis, Alzheimer disease, cerebral adrenoleukodystrophy, chronic obstru ctive pulmonary disease, sarcoidosis, acute appen dicitis, and atherosclerosis (4-10).
YKL-40, also called human cartilage glycoprotein-39 (HC gp-39) or chondrex, is a 40 kDA glycoprotein, secreted by macrophages, PMNs, fibroblast-like synovial cells, articular chondrocytes, hepato cytes, and smooth muscle cells, as well as tumor cells (1) . Elevated serum levels of YKL-40 have been described in various diseases associated with inflammation such as rheumatoid arthritis (RA), osteoarthritis, systemic lupus erythematosus, inflammatory bowel diseases with joint involvement, acute appendicitis, preeclampsia, and also in the group of cardiovascular diseases and cancer (11) (12) (13) (14) (15) (16) (17) .
RA is a chronic, systemic autoimmune disease characterized by synovial inflammation in multiple joints. The chronic inflammation and cellular infiltration of the synovial membrane of affected joints induce destruction of cartilage and bone, and hence this severe process results in progressive joint destruction, osteoporosis, and severe disability (18) . Although the laboratory markers used routinely such as erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) are rapid, objective, and inexpensive, they lack sensitivity and specifity for disease activity as well as disease prediction (19) . Still, these tests have been included in the 2010 RA classification criteria (20) possibly due to the lack of more sensitive and speci fic markers of disease activity. Nevertheless, the search for other noninvasive biomarkers for RA is still ongoing.
Previously, YKL-40 mRNA expression was determined in the joint cartilage affected by RA (21) . Interestingly, in normal human cartilage there was no expression of YKL-40. Later, several studies specified that not only synovial YKL-40 levels, but also serum levels were found correlated with the disease activity (22, 23) . Although CHIT activity in serum was evaluated in several inflammatory diseases, besides lysosomal storage diseases, there is only one study which evaluated the activity of CHIT in the context of rheumatologic disease. In that study, authors suggested that increased activity of CHIT in synovial fluid might be a predictor of the course of juvenile idiopathic arthritis (24) . Overall, serum CHIT activity in RA is still not known.
The objective of the present study was primarily to investigate the serum levels of CHIT and YKL-40 and whether these markers are superior to traditional markers such as CRP and ESR in a cohort of patients with RA.
Material and Methods

Patients
Between January 2011 and May 2011, 27 (22 female, 5 male) patients who applied to the Internal Medicine Department and had been diagnosed with RA according to the »American College of Rheumatology (ACR)-1987 Criteria for the Classification of Acute Arthritis of Rheumatoid Arthritis« (25) were included in the study. The patients were under standard treatment for their disease including corticosteroids, assor ted nonsteroidal antiinflammatory drugs (NSAIDs), disease modifying antirheumatic drugs (DMARDs) before and during the study. All patients were in cli nical remission, which was defined as clinician-determined remission, meaning stable, controlled disease, and requiring no need of change in medication. The exclusion criteria for the patients were: any collagen tissue disorder, any type of infection, presence of chronic diseases causing low-grade inflammation such as diabetes mellitus, dyslipidemia, hypertension, thyroid dysfunction, malignity, liver or renal disease or smoking. Age-and gender-matched tation rate, and YKL-40 were 0.96, 0.84, 0.76, and 0.65, respectively. Area under the curve for chitotriosidase was significantly higher than the area for erythrocyte sedimentation rate (p=0.005) and for YKL-40 (p=0.0001), but not for Creactive protein (p=0.055). Conclusions: Serum chitotriosidase was significantly in creased in patients with rheumatoid arthritis. Among all the parameters evaluated, chitotriosidase was the most sensitive and specific one. Comprehensive studies covering larger populations are needed to elucidate the relationship bet ween chitinases, in particular chitotriosidase and rheumatoid arthritis.
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Klju~ne re~i: hitotriozidaza, C-reaktivni proteini, inflamacija, reumatoidni artritis, YKL-40 gible in terms of inclusion and exclusion criteria were accepted as a control group for the comparison of serum biochemical analyses. These volunteers were not given any medical and/or physical therapy.
The study was conducted in accordance with the Helsinki Declaration of 1975 and approved by the hospital's ethics committee (Date: 17.05.2011; Decision no: 12/B). All participants provided written infor med consent.
Biochemical analyses
After an overnight fast, blood samples were taken from the subjects. The samples were left to clot, and serum was separated from cellular fragments by centrifugation within one hour after blood sampling. All serum samples were stored at -80 °C until analysis. Serum CHIT activity was based on the method described by Hollak et al. (2), with minor modifications. In summary, 5 mL of serum samples were incubated with 100 mL of 22 mmol/L 4-methylum belliferyl b-D-N, N ı , N ıı -triacetylchitotrioside (Sigma Chemical, St. Louis, MO, USA) as substrate in Mcllvain phosphate-citrate buffer, pH 5.2, for 1 h at 37 °C. The reaction was terminated by adding 120 mL of 0.5 mol/L Na 2 CO 3 -NaHCO 3 buffer, pH 10.7, and the fluorescence of 4-methylumbelliferone was measured with a fluorometer with excitation set at 355 nm and emission at 460 nm (Titertek, Huntsville, AL, USA). According to the methods of Artieda et al. (26) , CHIT activity was expressed as nanomoles of substrate hydrolyzed per hour per milliliter of incubated serum. Serum CHIT activity was measured by duplication and coefficient variation was less than 5% in all studies.
Serum YKL-40 concentrations were determined by a commercial enzyme-linked immunosorbent assay (ELISA) kit (Quidel Corporation, Santa Clara, USA) (27) according to instructions by manufacturers. The intra-, and inter-assay coefficient variations (CVs) of the kit were 3.6% and 5.3%, respectively. The assay sensitivity was 20 ng/mL. Serum CRP levels were measured by a nephelometric method (Immage, Beckman-Coulter Inc., USA). ESR levels were determined by the Western Green method (Berkhun SDM-100, Turkey).
Statistical analyses
The SPSS 15.0 (SPSS Inc. Chicago, IL, USA) was used for all analyses. The normality of the variables was tested with the Shapiro-Wilk test. Continuous variables are presented as median with interquartile range (IQR). Mann-Whitney U-test with Bonferroni correction was used for groups' comparisons. Corre lation analyses were performed by the Spearman rho correlation test. The clinical performances of all pa ra meters were measured using receiver operating cha racteristic (ROC) curves. ROC analysis and also comparisons of ROC curves were performed with Med Calc® for Windows software (MedCalc, Bel gium). A p value of less than 0.05 was considered statistically significant for all analyses.
Results
The characteristics and the laboratory findings of the groups are shown in the Table I . Mean ages of the patients with RA and healthy subjects were 46.3±13.1 and 46.2±9.0, respectively. Both groups did not show any differences in terms of age and gender ( Table I) . As expected, significant differences in serum CRP and ESR values were found in patients with RA compared to the values of the healthy subjects (p=0.0001 and p=0.001, respectively) ( Table  I ). In particular, serum CHIT activities were almost two times higher in the RA group when compared to control (178.0±72.0 vs. 89.0±21.0; p=0.0001). Serum YKL-40 levels were also higher in the patient group than in the control group (66.95±87.27 vs. 48.7±29.3; p=0.026). The results of correlation analyses were shown in Table II . There was a significant positive correlation between serum YKL-40 and both CRP and ESR. Whilst serum CHIT activity was positively correlated with CRP and ESR, the most robust correlation was found between CHIT and CRP (r=0.528, p=0.0001) ( Table II) . Also, a significant positive correlation was found between CHIT activities and YKL-40 levels (r=0.349; p=0.011).
The areas (Standard Error (SE)) under ROC curves (AUC) were 0.96 (0.03) for CHIT, 0.84 (0.06) for CRP, 0.76 (0.07) for ESR and 0.65 (0.08) for YKL-40 ( Figure 1) . AUC for CHIT was significantly higher than the area for ESR (p=0.005) and the area for YKL-40 (p=0.0001). Although AUC for CHIT was higher than the area for CRP, the difference was not statistically significant (p=0.055). Diagnostic cut-off levels with the optimum sensitivity and specificity derived from the ROC curve were found to be CHIT >112 nmol/ml/h and YKL-40 >92.6 ng/mL. Using these optimum cut-off levels, CHIT and YKL-40 had 93% and 37% sensitivity, and 89% and 100% specificity, respectively.
Discussion
The present study indicates that two chitinases, CHIT and YKL-40, significantly increased in the patients with RA. Moreover, in terms of the disease prediction, CHIT was superior to YKL-40. Previously, serum YKL-40 levels were determined to assess its usefulness as a marker in RA pathogenesis (22, 28) . However, serum CHIT activity was not evaluated in any RA cohort and, to our knowledge, this is the first study in the literature to present elevated CHIT acti vities in patients with RA.
Despite their low sensitivity and specificity, the traditional acute phase response markers, CRP and ESR, are still used in clinical practice to evaluate the disease activity of RA. Furthermore, new classification criteria for RA published by the American College of Rheumatology/European League Against Rheumatism Collaborative Initiative in 2010 included these laboratory tests at classification of newly presenting patients (20) . In the present study, we did not use the new criteria because all of our patients were diagnosed with RA by the »ACR 1987 Criteria« before 2010. However, we determined both CRP and ESR levels of the groups, and then we compared their clinical performances with each of the biomarkers tested in this study. The ROC analyses showed that CHIT was superior to both CRP and ESR, in contrast to YKL-40.
Unlike YKL-40, CHIT activity in patients with any rheumatoid disorder including RA is still unknown. In this respect, CHIT activity was evaluated only in one study that included children diagnosed with juvenile idiopathic arthritis (JIA), a childhood rheumatic disorder (24) . In our study, both serum and synovial fluid (SF) CHIT activities in the patients with JIA were evaluated. While serum CHIT activities of all patients were within the normal range, SF CHIT activities of some patients were increased. Moreover, in the latter group, the clinical course of JIA was more complicated and the CRP and ESR levels of this group were also elevated. Thus, the authors speculated that, as a possible presenter of the role of macrophages in synovia, CHIT could be helpful for the prediction of disease course. In our study, there was a clear elevation in serum CHIT activity. Although we did not analyze the CHIT activities of patients in SF, we still believe that these elevated activities of serum CHIT might represent the role of macrophages in RA. The differences between the serum CHIT results might be due to patients' age and the nature of the two diseases. Nevertheless, it cannot be addressed whether CHIT activity is related directly to damage within the rheumatoid joints. To answer this question, there is a need for the determination of the activity of CHIT in the SF of affected joints.
It has been described that YKL-40 levels increase with age (29, 30) . Still, the reason for this increase is unknown, but it might be explained by the higher level of inflammation and apoptosis in the elderly. However, neither the RA group nor the control group in this study included any individual above 65 years of age. Therefore, increased YKL-40 levels are not related to age, but most likely to the inflammation caused by RA. Indeed, YKL-40 is expressed by chondrocytes and also macrophages in the synovial membrane as a feedback mechanism against inflammatory cytokines, such as TNF-a and IL-1b (31) . On the basis of correlation studies between serum and synovial fluid concentrations of YKL-40, serum YKL-40 might reflect articular cartilage degradation and the degree of synovial inflammation in RA (32) . In this regard, serum YKL-40 levels increase even in early RA patients (22, 33) . In a recent study, it has been proposed that a »multi-biomarker disease activity score« which was calculated using the concentrations of twelve biomarkers, including YKL-40, measured disease activity (34, 35) . However, as seen in the present study, the low sensitivity of serum YKL-40 for RA might be an obstacle to its clinical use.
Although serum YKL-40 and CHIT were increased in patients with RA, CHIT activity was the more specific and sensitive one in our study. In vivo, both CHIT and YKL-40 are secreted by PMNs and macrophages. Whereas macrophages predominantly release CHIT, PMNs secrete YKL-40 (1) . In fact, neutrophil-released YKL-40 might act as an autoantigen in RA (36) . In our cohort, which included RA patients in »clinical« remission, the elevated activity of CHIT might signal that subclinical inflammation can proceed upon macrophages in RA. Despite clinical remission determined by the physician, imaging-detected (by MRI and musculoskeletal Doppler US) synovitis has been reported in RA patients who were receiving conventional DMARDS (37) . According to these findings, authors speculated that the subclinical joint inflammation might account for the structural deterioration in this patient group. It is possible to speculate that increased CHIT activities found in a similar patient group -taking DMARDs and in remission defined by the clinician -might reflect a long-term subclinic inflammation inducted by macrophages in synovitis, hence might also explain the deterioration of articular cartilage. Additionally, in vitro culturing studies of macrophages stated that while CHIT expression started after 7 days and dramatically increased with time, YKL-40 expression was detected after 2 days and reached the maximum at day 14 (38) . Accordingly, elevated CHIT activity, but not YKL-40, could also reflect the prolonged effect of macrophages in the synovium of affected joints. The absence of association between radiographic progression and serum YKL-40 levels in a 10-year follow-up study of patients with RA might support this hypothesis (39) .
One of the limitations of this study might be the lack of a group composed of patients with active disease. Evaluation of CHIT in patients with active disease might be of value to understand its role in disease activity. Also, we did not measure rheumatoid factor and/or cyclic citrullinated peptide antibodies; hence, we have no information whether there is any influence of the serological status on CHIT and YKL-40. Additionally, a 24-base pair (bp) duplication in exon 10 of the CHIT gene is a common polymorphism that leads to a null allele, thus a defective CHIT protein (40) . As a limitation, this polymorphism, which is responsible for the recessive inherited deficiency in CHIT, was not determined in the study. In a research performed in a Spanish population, there was no CHIT activity in subjects with a homozygous defective allele and approximately half of the normal allele activities in subjects with a heterozygous defective allele (26) . In the literature search, we could not find any information regarding the frequency of this polymorphism in Turkish individuals. Interestingly, the distribution of CHIT activities in both patients and healthy subjects might be explained by the CHIT genotype of indi viduals. Thus, it would be reasonable to determine whether there are any differences in the allelic and genotype distributions between the groups we studied, and if there is a need to adjust the CHIT activity according to the CHIT genotype. Accordingly, it is possible to speculate that a genotype adjustment for CHIT activity may result in even better correlated results with other markers.
Conclusion
These results are consistent with those obtained in other studies, confirming that human chitinasesnot only YKL-40 and also CHIT -may play significant roles in the pathogenesis of RA. Nevertheless, comprehensive studies covering larger populations are needed to elucidate the relationship between chitinases, in particular CHIT, and RA.
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